The anthropic action effects on soil contamination with regard to Fe and Cu accumulation were evaluated through procedures to determine the pseudo-total concentration and fractionation based on elemental mobility and bioaccessibility in soils from rural and urban area collected in different depths.
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MATERIALS AND METHODS
Instrumentation
For quantification of Fe (pseudo-total and fractionated) and Cu (pseudo-total), an atomic absorption spectrometer (Model AAS Vario 6, Analytik Jena AG, Jena, Germany), equipped with a hollow cathode lamp of Cu (324.8 nm, 4 mA, and slit 0.8 nm) and Fe (248.3 nm, 4 mA, and 0.8 nm), and a deuterium lamp for background correction, was used. For elemental determination by flame atomic absorption spectrometry (F AAS), flame composition and observation height were optimized. The instrumental parameters were: for Fe, 70 L h -1 acetylene flow, 430 L h -1 air flow, and 5 mm observation height; and for Cu, 50 L h -1 acetylene flow, 430 L h -1 air flow, and 5 mm observation height. For the Cu quantification in (i) exchangeable, (ii) bound to carbonates, (iii) bound to Fe-Mn oxides, (iv) bound to organic matter, and (v) residual fractions, a ZEEnit 60 model atomic absorption spectrometer (Analytikjena AG, Jena, Germany) equipped with a transversely heated graphite atomizer, pyrolytically coated graphite tube, and transversal Zeeman-effect background correction was used. The spectrometer was operated with a hollow cathode lamp operated by a wavelength lamp current and slit equal to 324.8 nm, 4 mA, and 0.8 nm, respectively. All measurements were based on integrated absorbance values. A 10 µL aliquot of different supernatants was introduced into the graphite tube without adding a chemical modifier. The instrumental conditions for the spectrometer and the heating program are shown in Table  I . Argon 99.998%, v v -1 (Air Liquide Brazil, SP, Brazil) was used as a protective and purging gas. The samples were dried using an oven (model 515, FANEM, Brazil). An orbital shaker (Quimis, Brazil) was used to mix the samples and extractants. Phase separation was performed by centrifugation (Spectrafuge 6C Compact model, Labnet International, USA). The digestion of samples was carried out in a thermostatic water-bath (Q226M2 model, Quimis, Brazil).
Reagents and samples
The soil samples were collected in two different regions (urban or rural) and depths (5 and 15 cm) from the city of Campo Limpo Paulista, SP, Brazil. Souza (2018) previously described the soil characteristics of a region close to our experimental area. It is a red clay soil, with loamy texture composed of sand (45% w w -1 ), silt (25% w w -1 ) and clay (30% w w -1 ), 2.82% (w w -1 ) of organic matter with pH = 4.9 [24] . All solutions were prepared using analytical reagent-grade chemicals, with high-purity deionized water obtained from a Milli-Q water purification system (Millipore, USA). Analytical grade 65% (w v -1 ) HNO 3 (Merck, Germany), distilled in a quartz sub-boiling still (Marconi, Brazil), 30% (w v -1 ) H 2 O 2 (Merck, Germany), and 37% (v v -1 ) HCl (Merck, Germany), were used for sample digestion and analytical solutions.
Analytical-grade Tritisol solutions (Merck, Germany) of 1000 mg L -1 for Cu (CuCl 2 ) and Fe (FeCl 3 ) were applied to prepare the reference analytical solutions, after dilution in HNO 3 0.1% (v v −1 ) for determining the Fe and Cu content by F AAS and graphite furnace atomic absorption spectrometry (GF AAS).
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(Merck, Germany) were used.
Soil sampling and preliminary sample preparation
For soil sampling two different regions were sampled: rural (environmental preservation region) and urban (industrialized region) areas of the city of Campo Limpo Paulista (23º12'S, 46º47'W) in the state of Sao Paulo, Brazil, in which soil samples (six sub-samples) were randomly collected in an area of 2 x 2 m² at depths of 5 and 15 cm in rural and urban regions.
The soil samples were dried in an oven at 60 ºC, ground and homogenized using a pestle and mortar (decontaminated).
Extraction of pseudo-total Cu and Fe
For pseudo-total Cu and Fe determination by F AAS, the soil samples were submitted to two different extraction procedures in thermostatic bath (HNO 3 + H 2 O 2 or HNO 3 + 3HCl) to evaluate the efficiency of Cu and Fe extraction.
In the first extraction procedure evaluated, 50 mL of HNO 3 + 3HCl solution was prepared adding 12.5 mL of HCl 37% (v v -1 ) and 3.6 mL of HNO 3 65% (w v -1 ) to a polypropylene tube and filled with deionized water. The HNO 3 + 3HCl solution was stored at 4 °C for later use for sample digestion. In this way, 7 mL of HNO 3 + 3HCl and 0.5 mL of deionized water were added to 0.750 g of samples and heated in a thermostatic bath at 90 °C for 2 hours, followed by centrifugation at 4000 rpm for 10 min [25, 26] . After the extraction, the final volume was completed to 15 mL with deionized water.
In the second extraction procedure evaluated, a volume of 3 mL of HNO 3 was added to 0.750 g of samples. The mixture was heated in a thermostatic bath at 80 °C for 30 minutes, followed by addition of 2 mL of H 2 O 2 , heating for 30 minutes, and centrifugation at 4000 rpm for 10 min. After the extraction, the final volume was completed to 10 mL with deionized water.
Fractionation of Cu and Fe
For the Fe and Cu fractionation in different soil samples, the Tessier's extraction method [15] was performed in five sequential extractions steps described below. At the end of each step of the sequential extraction procedure, the samples were submitted to centrifugation at 4000 rpm for 10 min for separation of residue and supernatant. The supernatants were subjected to elemental determination by F AAS or GF AAS.
(i) Exchangeable: The soil samples (ca. 1.0 g) were subjected to extraction with 8 mL of MgCl 2 (1 mol L -1 , pH 7.0) under shaking for 1 hour at room temperature, and centrifugation at 4000 rpm for 10 min. After the extraction, the final volume was completed to 10 mL with deionized water.
(ii) Bound to carbonates: To the residue from step (i), 8 mL of CH 3 COONa.3H 2 O (1 mol L -1 , pH 5.0 adjusted with CH 3 COOH) was added under continuous agitation for 5 hours at room temperature, and centrifugation at 4000 rpm for 10 minutes. After the extraction, the final volume was completed to 10 mL with deionized water.
(iii) Bound to Fe-Mn oxides: The residue from step (ii) was extracted with 20 mL of NH 2 OH.HCl in 25% (v v -1 ) CH 3 COOH, under continuous agitation for 6 hours at 96 °C, and centrifugation at 4000 rpm for 10 min. After the extraction, the final volume was completed to 15 mL with deionized water.
(iv) Bound to organic matter: To the residue from step (iii), HNO 3 (3 mL, 0.02 mol L -1 ) and H 2 O 2 (5 mL, 30 % (v v -1 )) were added, adjusted to pH 2 with HNO 3 , and the mixture was heated to 85 °C for 2 hours under continuous agitation. A second aliquot of 3 mL of 30% (v v -1 ) H 2 O 2 (pH 2.0 adjusted with HNO 3 ) was then added and the sample was heated again to 85 °C for 3 hours under continuous agitation. After cooling, CH 3 COONH 4 (5 mL, 3.2 mol L -1 ) in 20% (v v -1 ) HNO 3 was added and the sample was diluted to 20 mL and agitated continuously for 30 minutes, and centrifuged at 4000 rpm for 10 min. After the extraction, the final volume was completed to 10 mL with deionized water.
(v) Residual: The residue from step (iv) was digested with HNO 3 and H 2 O 2 mixture according to the Article procedure previously described for pseudo-total Fe and Cu determination. After the extraction, the final volume was completed to 6 mL with deionized water.
Cu and Fe determination
The determination of Cu (pseudo-total) and Fe (pseudo-total and fractioned) was carried out by F AAS, and Cu (fractioned) by GF AAS.
For elemental determination by F AAS, acetylene flow was optimized, ranging from 50 to 80 L h -1 in increments of 5 L h -1 , with constant air flow (430 L h -1 ) and observation height (6 mm). The observation height was evaluated (5, 8, 10, 12 , and 15 mm) in the best acetylene flow for each element. Under each condition, absorbance signals were obtained in triplicate, using analytical solutions of 0.75 and 1.0 mg L -1 of Fe and Cu, respectively. Instrument calibration was performed using analytical solutions with concentrations ranging from 0.25 to 3.0 mg L -1 and 0.1 to 4.0 mg L -1 in 0.1% (v v -1 ) HNO 3 for Fe and Cu, respectively. For the Fe determination, further dilutions with deionized water were necessary, ranging from 2 (bound to carbonates fraction) to 500-fold (residual fraction).
The fractionated Cu determination was carried out by GF AAS in different extracts. The instrument calibration was performed using analytical solutions with concentrations ranging from 10 to 80 µg L
For the Cu determination, the supernatants were diluted 2-to 100-fold in deionized water and no chemical modifier was used.
The chemical interferences during Cu and Fe determination were verified by an addition and recovery test, adding 0.4 mg L -1 of Fe (pseudo-total and different extracts) or Cu (pseudo-total), and 20 µg L -1 of Cu (different fractionation extracts).
Statistical analyses
The determination of the pseudo-total concentration and fractionated was done in triplicate for the soil from the rural and urban areas with different depths. Statistically significant differences (p < 0.05) between the soil origin or depth in a given element and extraction procedure were detected using two-way analysis of variance (ANOVA). Differences between means were compared by Student's t-test at the 95% confidence limit. Similarly, the statistically significant differences (p < 0.05) between the soil origin or depth in a given element and step of the fractionated extracts were detected using Student's t-test at the 95% confidence limit.
RESULTS AND DISCUSSION
Optimization of flame conditions for Fe and Cu determination by F AAS
A suitable chemical environment of the air-acetylene flame is required for proper formation of the atomic precursors, since different flame compositions may favor the refractory species formation of the elements [27] . The effects of the acetylene flow variation on Cu and Fe atomization are shown in Figure 1 . In general, it was verified that increased fuel flow altered Cu atomization and its absorbance decreased significantly taking into account the profile and standard deviation of the absorbance value (n=3). On the other hand, Fe showed significant increase in absorbance value from 70 L h -1 . Thus, the acetylene flow of 50 and 70 L h -1 were applied in the Cu and Fe determination, respectively. After fuel flow optimization, observation height was also optimized to obtain the highest values of absorbance, which represent the interaction of the electromagnetic radiation from the hollow cathode lamp with gaseous atoms in the fundamental state formed in the atomizer [27] . The effects of the observation height variation on the Cu and Fe absorbance values are shown in Figure 1 . It was found that the absorbance value decreased with increasing observation height, thus, the observation height of 5 mm was applied in the Cu and Fe determination in the samples considering the profile and standard deviation of the absorbance signal (n=3).
de Oliveira, A. P.; Noda, C. M. S. P.; Naozuka, J. Characteristic parameters of the analytical calibration curve for Cu and Fe determination by F AAS, such as linear range, correlation coefficient (R 2 ), limit of detection (LOD), and limit of quantification (LOQ), are presented in Table II . The LOD was calculated using the standard deviation of 10 measurements of the analytical blank sample (3 × σ blank , where σ is the standard deviation) and the LOQ was calculated as 3.3 × LOD. The LOD and LOQ values were obtained in µg g −1 , considering a sample mass of 0.75 g and a final volume of 10 mL for the solutions.
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The influence of concomitants in pseudo-total Cu and Fe determination by F AAS was investigated through addition and recovery test, adding to the samples 0.4 mg L -1 of Fe and Cu after the extraction procedures (HNO 3 + H 2 O 2 or HNO 3 + 3HCl). The Cu and Fe recovery percentages in different extractants are shown in Table II . The recoveries showed absence of matrix influence in Cu and Fe determination with recovery percentages ranging from 98 to 107%. According to NBR ISO/IEC 17025, guidelines for elemental determination by spectrometric techniques, the recovery tolerance should range from 70 to 120% [28] . The extraction procedures for pseudo-total Cu and Fe determination may have promoted the Cu and Fe partial extraction, since that the solubilization was not complete. It was observed that the concentrations obtained using HNO 3 + 3HCl were significantly higher when compared to the mixture HNO 3 + H 2 O 2 , since that more acidic medium and the HCl presence has complexing character, resulting in a greater solubility of compounds bound to Cu and Fe [29] . On the other hand, the procedure with HNO 3 + H 2 O 2 was more feasible, because the mixture HNO 3 + 3HCl promoted several problems in the control of the solution boiling in thermostatic bath, due to violent reaction with great gas generation and possible sample losses during the process. Therefore, the residual fraction from fractionation procedure by the Tessier's method was solubilized using HNO 3 + H 2 O 2 and only this extraction procedure for pseudo-total elemental determination was considered.
The different depths were evaluated aiming to analyze recent changes (5 cm), as well as, environmental changes in other periods (15 cm) and according to the Table III there were no significant differences in the pseudo-total Fe and Cu concentration in soils collected at different depths. However, the average Cu and Fe concentration in the soil from the urban area were significantly higher than rural area, varying from approximately 12 (Fe) to 2 (Cu) times higher. The rural area is remote and environmental preservation region, while urban region has become a storage area for building materials and other wastes with sewage passage. In this way, anthropogenic actions may be a determining factor for the increase of total Fe and Cu concentration in the urban area evaluated.
The Cu concentrations in the urban region were 13.7 and 10.6 times higher than in the rural region at depths of 5 cm and 15 cm, respectively, while Fe concentrations were 2.0 and 1.5 times higher than in the rural region. Therefore, these results in urban soils showed the effects of anthropic action and industrial activities on the accumulation of Fe and Cu in the soil [30] . In addition, although Cu concentrations are below the values established by CONAMA resolution 420/2009 (600 mg kg -1 in industrial areas), it was verified that the anthropic actions in region are favoring the increase in the these metals concentration in the soil, which can be easily accumulated and, in the future, may result in potential problems such as toxicity to plants and animals [4] .
Fractionation of Fe and Cu in rural and urban soils
Characteristic parameters of the analytical calibration curve for Cu and Fe determination by GF AAS and F AAS, respectively, are presented in Table IV . The LOD and LOQ values were obtained in ng g −1 , considering a sample mass of 1.0 g and a final volume of 10 mL (step 1 and 2 of the sequential extraction) and 15 mL (step 3 and 4 of the sequential extraction) for the solutions.
The concomitants influence in fractionated Cu and Fe determination was investigated through addition and recovery test. The Cu and Fe recovery percentages in different extractants are shown in Table IV . The recoveries showed absence of matrix influence in Cu and Fe determination with recovery de Oliveira, A. P.; Noda, C. M. S. P.; Naozuka, J.
Article percentage ranging from 87 to 115% [28] . Step 1 3.7 12.1 93
Step 2 1.5 4.9 115
Step 3 6.6 21.8 98
Step 4 19.3 66.7 99
Step 5
70.4 114
Fe** 0.25 -3.0 0.9961
Step 1 0.8 2.6 87
Step 2 1.7 5.1 91
Step 3 0.5 1.5 88
Step 4 0.6
92
Step 5 The Cu and Fe concentrations in five fractions of the sequential extraction of the Tessier's method applied to the soil samples from rural and urban areas at different depths are presented in Table V , as well as, the elemental concentration in the residual fraction after the extraction procedure with HNO 3 + H 2 O 2 and the sum of the elemental concentration at all steps. 
Soil origin/ Depth
Concentration ± standard deviation (n=3)
Step 1 Step 2
Step 3
Step 4
Step 5 (Table III) , it was verified that Cu and Fe pseudo-total concentrations were satisfactorily fractionated by Tessier's method.
In addition to indicating a higher solubility of the species bound to Cu and Fe in more acidic media comparing different extraction procedures, it was possible to infer about each elemental species concentration in the soil through elemental fractionation. The Cu and Fe distribution showed similar patterns for each sample, which followed order residual > bound to organic matter > bound to Fe-Mn oxides > bound to carbonates > exchangeable. However, rural soil (15 cm) was an exception to the observed pattern, which contained 200% more Cu exchangeable species than bound to carbonates species. Besides that, the Cu species concentration bound to organic matter in rural soil was 110% (5 cm) and 89% (15 cm) higher than residual fraction. In contrast to that observed for the rural soil, in the urban soil the residual fraction presented the highest Cu concentration.
The Tessier's method fractionation allows to evaluate the metals extraction from different geochemical fractions of the soils and sediments. The first steps of the method extract from the sample the weakly associated and most available metals, while in the residual fraction, it is possible to assess the metal fraction that is not potentially available to the environment and is accumulated in the soil under natural conditions, such as metals included in clays [15, 18] . Thus, it is possible to infer that soil samples from urban areas are polluted samples, since that in polluted soils there are high residual content, evidencing by incomplete dissolution during previous steps of the Tessier's method [15, 18] and the residual fraction (Table V, step 5) shows the high metals accumulation and low reactivity of Cu species present in urban soil.
The Cu concentration exchangeable and bound to carbonates in the rural soil collected at the depth of 15 cm is significantly higher in relation to the depth of 5 cm, while there is no significant difference between Cu concentrations bound to Fe-Mn oxides, bound to organic matter, and residual at both depths evaluated. Furthermore, with increasing Cu concentrations exchangeable and bound to carbonates (fractions 1 and 2) in 15 cm, it is possible to infer that weathering, such as changes in the local vegetation or Cu redistribution by wind or water action promoted a decrease in concentration of mobile and bioavailable Cu species in upper layers of rural soil. On the other hand, unlike that observed in the rural area, in the urban area the fractions of Cu exchangeable (fraction 1) and bound to carbonates (fraction 2) decreased significantly with the depth increase, in which it was possible to infer that current anthropic activities favor the increase of Cu species concentration more mobile and bioavailable in the topsoil. In the residue (fraction 5) there is Cu species incorporated into soil minerals and appeared to be the most inactive did not change significantly with depth in both soils [19] .
In contrast to that observed for Cu in rural soils, at greater depths there is a significant decrease in the exchangeable, bound to carbonates, and bound to Fe-Mn oxides Fe concentration, while there is an increase of 44% in residual Fe concentration with increasing depth. These results indicate that factors related to weathering have probably increased the concentration of more mobile and bioaccessible species in the topsoil of rural region. The increase in residual Fe concentration corresponds to less mobile and reactive species indicates the Fe accumulation in lower layers of the soil. However, in the urban soil there was a significant increase in the concentration of exchangeable Fe, bound to carbonates and bound to Fe-Mn oxides with increasing depth. The increase in the concentration of these more mobile species in lower layers of the urban soil indicates that anthropic activities in the past favored the increase of these mobile and bioavailable species, which can crystallize into crystalline lattice of soil minerals and compose the residual fraction [18, 19] .
Additionally, it was observed that significant Cu and Fe amounts were associated with the residual fraction, ranging from 20% (Cu: rural, 15 cm) to 91% (Fe: urban, 15 cm) in relation to the pseudo-total concentration. Therefore, Fe fractionation was dominated by residual species as might be expected for an element whose minerals constitute a major structural component of soil [1] , ranging from (3.4 ± 0.1) (rural, 5 cm) to (10 ± 1) (urban, 15 cm) g kg -1 with lower concentrations of exchangeable species ranging from (4.7 ± 0.5) (rural, 15 cm) to (6.7 ± 0.6) (rural, 5 cm) mg kg -1 . Indeed, the variable pseudo-total Fe de Oliveira, A. P.; Noda, C. M. S. P.; Naozuka, J.
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and Cu concentrations were found in the rural and urban soils at different depths, but the exchangeableCu and Fe concentrations were relatively low (average < 5%), indicating the predominant presence of recalcitrant fractions (associated with Fe-Mn oxides, organic matter, and residual) with low mobile and strongly bound species that favor the accumulation of these elements in the soils, since that Cu and Fe bound to residual fraction is often consider unreactive and not affected by environmental changes [18, 23] .
CONCLUSIONS
The evaluation of the pseudo-total Cu and Fe concentration in the soils through procedures of partial solubilization showed that there is a significant difference in the content of these elements between different studied soils. The Cu and Fe concentration in the soil from the urban area were significantly higher than rural area. The high levels of these elements from the urban area must be related to the anthropic activities practiced in this area, which has become a place where the sewage water passes besides being a deposit of construction materials and garbage, while the rural area evaluated is a place of environmental preservation.
Therefore, it was possible to evaluate the potential effects of anthropic activities on the heavy metal concentrations in the soil through fractionation, in which the concentration of exchangeable species of both metals was significantly lower when compared to the concentrations of species bound to organic matter and residual fraction. The results indicated that in addition to be a determining factor and increasing the Cu and Fe pseudo-total concentration in the soil, the anthropic actions increased the concentration of these metals associated to residual fraction where metals most strongly associated with soil components, such as metals included in clays.
Finally, in the urban area, the metals evaluated presented lower mobility in the environment and possibly are accumulated in soil under natural conditions. The strong interaction of these metals with soil components and low availability may cause changes in the microorganisms and plant community that share the common environment and interact with each other, animal populations, and the physical environment.
